
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

09
1 

50
5

A
1

TEPZZ¥Z9_5Z5A_T
(11) EP 3 091 505 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
09.11.2016 Bulletin 2016/45

(21) Application number: 16168498.0

(22) Date of filing: 05.05.2016

(51) Int Cl.:
G06T 5/00 (2006.01) G06T 5/40 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 08.05.2015 JP 2015095781

(71) Applicant: JEOL LTD.
Akishima,
Tokyo 196-8558 (JP)

(72) Inventor: SAGAWA, Ryusuke
Akishima, Tokyo 196-8558 (JP)

(74) Representative: Boult Wade Tennant
Verulam Gardens 
70 Gray’s Inn Road
London WC1X 8BT (GB)

(54) IMAGE PROCESSOR, ELECTRON MICROSCOPE, AND IMAGE PROCESSING METHOD

(57) An image processor capable of facilitating im-
age processing is provided. The image processor (100)
includes an image acquisition section (112) for obtaining
an image, a histogram generating section (114) for gen-
erating a histogram representative of a distribution of
brightness values of pixels of the image from the image,

a binning processing section (116) for binning the histo-
gram on the basis of a maximum one of the brightness
values of the image, and a contrast adjusting section
(118) for adjusting the contrast of the image on the basis
of the binned histogram.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an image proc-
essor, electron microscope, and image processing meth-
od.

2. Description of the Related Art

[0002] In recent years, in the field of transmission elec-
tron microscopy (TEM), transmission electron micro-
scope (TEM) images have been captured using digital
cameras (see, for example, patent document 1). Where
TEM images are captured using a digital camera, if the
images are displayed on a monitor without being adjusted
in terms of contrast, they are displayed with low contrast
in many cases.
[0003] Therefore, in a conventional transmission elec-
tron microscope, a histogram is created from a captured
electron microscope image that is a digital image. Bright-
ness values are plotted on the horizontal axis of the his-
togram. The numbers (frequencies) of images are plotted
on the vertical axis for each brightness value. A minimum
brightness value and a maximum brightness value are
detected out of the brightness values excluding bright-
ness values of zero frequency. These minimum and max-
imum brightness values are related to the minimum and
maximum brightness values on the monitor, thus enhanc-
ing the contrast of the displayed object under observa-
tion.

Citation List

Patent Documents

[0004] Patent document 1: JP-A-2010-232002
[0005] However, if the object under observation and a
different structure producing a large brightness differ-
ence with the observed object come into the field of view
simultaneously, the above-described conventional meth-
od presents the problem that the object under observa-
tion will be displayed with low contrast. In this case, a
peak arising from the object under observation and a
peak arising from the undesired structure both exist in
the histogram. Consequently, the minimum and maxi-
mum brightness values of the histogram do not corre-
spond to the minimum and maximum brightness values
of the peak arising from the object under observation.
This lowers the contrast of the displayed object under
observation.
[0006] For example, in transmission electron micros-
copy, in order to hold an ultrathin sample having a thick-
ness on the order of nanometers in a vacuum, the ul-
trathin sample may be placed on a sample holding grid
for observation of the sample. Since the sample holding

grid hardly transmits electrons, when the sample and grid
are photographed by a digital camera, the grid is detected
as having a brightness value much lower than that of the
ultrathin sample. When samples are observed at low
magnifications, the sample holding grid often enters the
field of view, in which case the object under observation
is displayed with low contrast for the above-described
cause.
[0007] In this way, in order to appropriately adjust the
contrast of an object under observation contained in a
transmission electron microscope image in which the
field of view also contains a structure not of interest,
processing is needed, for example, to identify the peak
in the image histogram arising from the object under ob-
servation. However, if the sample is irradiated with an
intense electron beam, the number of bins (elements) of
the histogram obtained from a TEM image increases.
This raises the problem that it takes longer to adjust the
contrast.
[0008] Recently, the numbers of pixels and frame rates
of available digital cameras have increased at an amaz-
ing rate and so image processing is required to be per-
formed at higher speeds. In transmission electron micro-
scopy, when a desired field of view is searched for to find
a field of view to be captured, it is necessary to adjust
the contrast of a sequence of images taken successively
during an observation. Hence, there is a need for faster
image processing.

SUMMARY OF THE INVENTION

[0009] In view of the foregoing problem, the present
invention has been made. It would be desirable to provide
an apparatus and method of image processing capable
of achieving faster image processing. It would be further
desirable to provide an electron microscope including
such an apparatus of image processing.

(1) An image processor associated with the present
invention comprises: an image acquisition section
for obtaining an image; a histogram generating sec-
tion for generating a histogram representative of a
distribution of brightness values of pixels of the im-
age from the image; a binning processing section for
binning the histogram on the basis of a maximum
one of the brightness values of the image; and a
contrast adjusting section for adjusting the contrast
of the image on the basis of the binned histogram.
In this image processor, the histogram is binned.
Therefore, the image contrast can be adjusted based
on the histogram having a less number of bins (ele-
ments) as compared with the case where the histo-
gram is not binned. Consequently, image processing
can be performed at higher speed.
(2) In one feature of this image processor, the binning
processing section may perform an operation for
combining any adjacent ones of the bins of the his-
togram into one bin and repeat this operation as
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many times as determined based on the maximum
brightness value of the image.
In this image processor, the operation for combining
any adjacent ones of the bins of the histogram into
one bin is repeated as many times as determined
based on the maximum brightness value of the im-
age. Therefore, the number of the bins (elements)
of the histogram can be reduced to a desired number
of bins (elements).
(3) In one feature of any one of (1) and (2) above,
the contrast adjusting section may adjust the con-
trast of the image by finding the number of peaks
present in the binned histogram and excluding from
the binned histogram those of the peaks that are less
than a threshold value calculated based on the max-
imum brightness value of the image provided that
the number of the peaks is 2 or more.
In this image processor, the contrast of the image is
adjusted while excluding from the histogram those
of the peaks that are less than a threshold value cal-
culated based on the maximum brightness value of
the image. Therefore, if the object under observation
and a different structure or morphology both enter
the field of view, the object under observation can
be prevented from being displayed with low contrast.
Hence, the object under observation can be dis-
played with appropriate contrast.
(4) In one feature of this image processor of (3), the
contrast adjusting section may calculate the thresh-
old value by multiplying the maximum brightness val-
ue of the image by a given coefficient.
In this image processor, the threshold value is com-
puted by multiplying the maximum brightness value
of the image by a given coefficient. Therefore, the
threshold value can be calculated easily as de-
scribed later. Furthermore, using the threshold val-
ue, peaks arising from structures and morphologies
other than the object under observation can be ex-
cluded from the histogram reliably.
(5) In one feature of any one of (1)-(4) above, the
image may be a transmission electron microscope
image.
(6) An image processor associated with the present
invention comprises: an image acquisition section
for obtaining an image; a histogram generating sec-
tion for generating from the image a histogram rep-
resentative of a distribution of brightness values of
pixels of the image; and a contrast adjusting section
for adjusting the contrast of the image on the basis
of the histogram. The contrast adjusting section ad-
justs the contrast of the image by finding the number
of peaks present in the histogram and excluding from
the histogram those of the peaks that are less than
a threshold value calculated based on a maximum
one of the brightness values of the image provided
that the number of the peaks is 2 or more.
In this image processor, the contrast of the image is
adjusted while excluding peaks less than the thresh-

old value calculated based on the maximum bright-
ness value of the image from the histogram. There-
fore, if the object under observation and structures
not of interest enter the field of view, the object under
observation can be prevented from being displayed
with low contrast. Consequently, the object under
observation can be displayed with appropriate con-
trast.
(7) Another image processor associated with the
present invention comprises: an image acquisition
section for obtaining an image; a histogram gener-
ating section for generating from the image a histo-
gram representative of a distribution of brightness
values of pixels of the image; and a contrast adjusting
section for excluding from the histogram subthresh-
old brightness values less than a threshold value cal-
culated based on a maximum one of the brightness
values of the image and adjusting the contrast of the
image on the basis of the histogram from which the
subthreshold brightness values have been exclud-
ed.
In this image processor, subthreshold brightness
values less than the threshold value calculated
based on the maximum brightness value of the im-
age are excluded from the histogram. The contrast
of the image is adjusted based on the histogram from
which the subthreshold brightness values have been
excluded. Therefore, if the object under observation
and structures or morphologies other than the object
under observation enter the field of view, the object
under observation can be prevented from being dis-
played with low contrast. Hence, the object under
observation can be displayed with appropriate con-
trast.
(8) In one feature of any one of (6) and (7) above,
the contrast adjusting section may calculate the
threshold value by multiplying the maximum bright-
ness value of the image by a given coefficient.
(9) In one feature of any one of (6)-(8) above, there
may be further provided a binning processing section
for binning the histogram on the basis of the maxi-
mum brightness value of the image.
In this image processor, the histogram is binned and,
therefore, the contrast of the image can be adjusted
based on the histogram having a less number of bins
(elements) as compared with the case where the his-
togram is not binned. Consequently, image process-
ing can be performed at higher rate.
(10) In one feature of this image processor, the image
may be a transmission electron microscope image.
(11) An electron microscope associated with the
present invention includes an image processor as-
sociated with the present invention.
This electron microscope can include an image proc-
essor associated with the present invention.
(12) An image processing method associated with
the present invention comprises the steps of: obtain-
ing an image; generating from the image a histogram
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representative of a distribution of brightness values
of pixels of the image; binning the histogram on the
basis of a maximum one of the brightness values of
the image; and adjusting the contrast of the image
on the basis of the binned histogram.
In this image processing method, the histogram is
binned and so the contrast of the image can be ad-
justed on the basis of the histogram having a less
number of bins (elements) as compared with the
case where the histogram is not binned. As a con-
sequence, image processing can be implemented
at higher speed.
(13) Another image processing method associated
with the present invention comprises the steps of:
obtaining an image; generating from the image a his-
togram representative of a distribution of brightness
values of pixels of the image; and adjusting the con-
trast of the image on the basis of the histogram. The
step of adjusting the contrast involves the steps of:
finding the number of peaks present in the histogram;
and, if the number of the peaks is 2 or more, exclud-
ing from the histogram those of the peaks that are
less than a threshold value calculated based on a
maximum one of the brightness values of the image
and adjusting the contrast of the image.
In this image processing method, the contrast of the
image is adjusted while excluding from the histogram
those of the peaks that are less than a threshold
value calculated based on the maximum brightness
value of the image. Therefore, if an object under ob-
servation and structures or morphologies other than
the object under observation enter the field of view,
the object under observation can be prevented from
being displayed with low contrast. Hence, the object
under observation can be displayed with appropriate
contrast.
(14) A further image processing method associated
with the present invention comprises the steps of:
obtaining an image; generating from the image a his-
togram representative of a distribution of brightness
values of pixels of the image; and excluding from the
histogram those brightness values thare are less
than a threshold value calculated on the basis of a
maximum one of the brightness values of the image
to thereby produce a modified histogram and adjust-
ing the contrast of the image on the basis of the mod-
ified histogram.

[0010] In this method of image processing, brightness
values less than a threshold value calculated based on
the maximum value of the image are excluded from the
histogram, thus producing a modified histogram. The
contrast of the image is adjusted on the basis of the mod-
ified histogram. Therefore, if the object under observation
and structures other than the object under observation
all enter the field of view, the object under observation
can be prevented from being shown with low contrast.
Consequently, the object under observation can be dis-

played with appropriate contrast.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a schematic representation, partly in block
form, of an electron microscope including an image
processor associated with one embodiment of the
present invention.
FIG. 2 is a flowchart illustrating one example of image
processing performed by the image processor
shown in FIG. 1.
FIG. 3A is a TEM image containing only an object of
interest under observation within a field of view.
FIG. 3B is a brightness histogram of the TEM image
shown in FIG. 3A.
FIG. 4A is a TEM image having a field of view in
which an object of interest under observation and
other structures are contained.
FIG. 4B is a brightness histogram of the TEM image
shown in FIG. 4A.
FIG. 5A is a TEM image having the same field of
view as that of the TEM image of FIG. 4A.
FIG. 5B is a brightness histogram of the TEM image
of FIG. 5A.
FIG. 6A is a TEM image having a field of view in
which an object of interest under observation and
other structures are contained.
FIG. 6B is a brightness histogram of the TEM image
of FIG. 6A.
FIG. 7A is a TEM image having the same field of
view as that of the TEM image of FIG. 6A.
FIG. 7B is a brightness histogram of the TEM image
of FIG. 7A.
FIG. 8 is a flowchart illustrating a modification of the
image processing illustrated in FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The preferred embodiments of the present in-
vention are hereinafter described in detail with reference
to the drawings. It is to be understood that the embodi-
ments described below are not intended to unduly restrict
the content of the present invention delineated by the
claims and that not all the configurations described below
are essential constituent components of the invention.

1. Image Processor and Electron Microscope

[0013] An electron microscope including an image
processor associated with one embodiment of the
present invention is first described by referring to FIG. 1,
which schematically shows the configuration of the elec-
tron microscope, 1000, including the image processor,
100, associated with the present embodiment.
[0014] The electron microscope 1000 is a transmission
electron microscope. That is, the electron microscope
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1000 is an instrument for obtaining a transmission elec-
tron microscope (TEM) image by imaging electrons
transmitted through a sample 2.
[0015] As shown in FIG. 1, the electron microscope
1000 includes a microscope body 10 and the image proc-
essor 100. The microscope body 10 includes an electron
beam source 11, condenser lenses 12, an objective lens
13, a sample stage 14, a sample holder 15, an interme-
diate lens 16, a projector lens 17, and an imager 18 (such
as a digital camera).
[0016] The electron beam source 11 emits an electron
beam EB. The electron beam source 11 emits the elec-
tron beam EB by accelerating electrons, which are emit-
ted from a cathode, by means of an anode. An electron
gun, for example, can be used as the electron beam
source 11. No restriction is imposed on the electron gun
used as the electron beam source 11. For example, a
thermionic-emission electron gun, thermal field-emission
electron gun, or cold field-emission electron gun can be
used.
[0017] The condenser lenses 12 are disposed behind
(i.e., on the downstream side relative to the direction of
travel of the electron beam EB) the electron beam source
11. The condenser lenses 12 operate to focus the elec-
tron beam EB generated by the electron beam source
11 so that the beam EB impinges on the sample 2.
[0018] The objective lens 13 is located behind the con-
denser lenses 12. The objective lens 13 is an initial stage
of lens for focusing the electron beam EB transmitted
through the sample 2. The objective lens 13 has a top
polepiece and a bottom polepiece (none of which are
shown). The objective lens 13 focuses the electron beam
EB by producing a magnetic field between the top and
bottom polepieces.
[0019] The sample stage 14 holds the sample 2. In the
illustrated example, the sample stage 14 holds the sam-
ple 2 via the sample holder 15. The sample stage 14
places the sample 2, for example, between the top and
bottom polepieces of the objective lens 13. The sample
stage 14 can place the sample 2 in position by moving
and stopping the sample holder 15. The sample stage
14 can move the sample 2 in a horizontal direction per-
pendicular to the direction of travel of the electron beam
EB and in a vertical direction along the direction of travel
of the electron beam EB. Furthermore, the sample stage
14 can tilt the sample 2.
[0020] The intermediate lens 16 is located behind the
objective lens 13. The projector lens 17 is positioned be-
hind the intermediate lens 16. The intermediate lens 16
and projector lens 17 cooperate to further magnify the
image focused by the objective lens 13 and to bring the
further magnified image into focus on the imager 18. In
the electron microscope 1000, an imaging system is con-
stituted by the objective lens 13, intermediate lens 16,
and projector lens 17.
[0021] The imager 18 captures the TEM image focused
by the imaging system. For example, the imager 18 is a
digital camera such as a CCD camera or CMOS camera.

The imager 18 can obtain the TEM image as a digital
image. Image data on the TEM image captured by the
imager 18 is output to the image processor 100. In the
illustrated example, the microscope body 10 is mounted
over a pedestal 22 via vibration isolators 20.
[0022] The image processor 100 performs processing
to obtain the TEM image (i.e., image data) captured by
the microscope body 10 and to display the TEM image
on a display device 122 while adjusting the contrast of
the image. The image processor 100 includes image
processing circuitry 110, a manual control unit 120, the
display device 122, and a storage device 124.
[0023] The manual control unit 120 performs process-
ing to derive a control signal responsive to a user’s op-
eration or manipulation to send the signal to the image
processing circuitry 110. The functions of the manual
control unit 120 can be implemented, for example, by
buttons, keys, a touch panel display, or a microphone.
[0024] The display device 122 displays images gener-
ated by the signal processing circuitry 110. The function
of the display device 122 can be implemented by an LCD,
a CRT, or the like. The display device 122 displays, for
example, a TEM image whose contrast has been adjust-
ed by the image processing circuitry 110.
[0025] The storage device 124 stores programs, data,
and related information permitting the image processing
circuitry 110 to perform various kinds of computations
and control operations. The storage device 124 is also
used as a working area for the image processing circuitry
110. Furthermore, the storage device 124 is used to tem-
porarily store the results of computations performed by
the image processing circuitry 110 in accordance with
various programs. The function of the storage device 124
can be implemented by a hard disk, a RAM, or the like.
[0026] The image processing circuitry 110 performs
processing to obtain TEM images, and effects image
processing and other operations. The functions of the
processing circuitry 110 can be implemented either by
hardware such as various processors (e.g., CPU and
DSP) or by software. The image processing circuitry 110
includes an image acquisition section 112, a histogram
generating section 114, a binning processing section
116, a contrast adjusting section 118, and a display con-
troller 119.
[0027] The image acquisition section 112 obtains a
TEM image on the basis of image information delivered
from the imager 18.
[0028] The histogram generating section 114 gener-
ates a histogram representing a distribution of the bright-
ness values of pixels of the TEM image from the TEM
image obtained by the image acquisition section 112. In
the histogram, brightness values are plotted on the hor-
izontal axis, while the numbers (frequencies) of the pixels
possessing such brightness values are plotted on the
vertical axis. The histogram is herein referred to as the
brightness histogram.
[0029] The histogram generating section 114 con-
structs a brightness histogram responsive to a maximum
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brightness value of the TEM image that is a maximum
one of the brightness values of the pixels making up the
image. The number of elements (i.e., the number of bins)
of the brightness histogram corresponds to the maximum
brightness value of the TEM image. For example, where
the maximum brightness value of the TEM image is
40,000, the histogram generating section 114 produces
a brightness histogram having 40,000 elements (bins).
[0030] The binning processing section 116 bins the
brightness histogram formed by the histogram generat-
ing section 114, on the basis of the maximum brightness
value of the TEM image. In particular, the binning
processing section 116 combines any adjacent ones of
the bins of the histogram into one bin, thus reducing the
number of bins (elements) of the histogram. When plural
bins are combined into one bin, the average value of the
frequency values of the plural pins is used as the fre-
quency value of the resultant bin. Alternatively, the sum
of the frequency values of these plural bins may be used.
[0031] In a brightness histogram, a maximum bright-
ness value of an image corresponds to the number of
bins of the histogram as described previously. Therefore,
the binning processing section 116 performs a binning
process on the basis of the maximum brightness value
of a TEM image such that the number of bins of the bright-
ness histogram is less than a given number (target
number of bins), in order to facilitate the processing done
by the contrast adjusting section 118 described later. The
target number of bins is appropriately set according to a
required processing speed. Information about the target
number of bins is previously stored, for example, in the
storage device 124.
[0032] Specifically, the binning processing section 116
performs an operation to combine any adjacent ones
(e.g., two) of bins of a brightness histogram, and repeats
this operation as many times as determined based on
the maximum brightness value of the TEM image. This
number of repetition is so set that the number of bins of
the binned brightness histogram is less than the afore-
mentioned target number of bins. The number of repeti-
tion determined based on the maximum brightness value
of the TEM image is hereinafter referred to also as the
"binning coefficient".
[0033] For example, where the maximum brightness
value of the TEM image (i.e., the number of pins of the
brightness histogram) is 40,000 and the target number
of bins is 5,000, the binning processing section 116 sets
the binning coefficient to 3, repeats the operation for com-
bining 2 bins into 1 bin three times, and sets the number
of bins of the brightness histogram to 5,000.
[0034] The contrast adjusting section 118 performs
processing to adjust the contrast of the TEM image on
the basis of the brightness histogram binned by the bin-
ning processing section 116. The processing performed
by the contrast adjusting section 118 is described below.
[0035] The contrast adjusting section 118 performs
processing to remove noise from the binned brightness
histogram by a well-known technique and then identifies

the positions of peaks present in the brightness histo-
gram. The identification of the positions of the peaks is
carried out, for example, by taking a first-order differential
and a second-order differential of the brightness histo-
gram from which the noise has been removed, thus find-
ing a position (brightness value) where the first-order dif-
ferential is zero and the second-order differential is neg-
ative. This found position (brightness value) is taken as
a peak position.
[0036] Then, the contrast adjusting section 118 calcu-
lates the number of peaks (number of the positions of
peaks) in the brightness histogram. If the number of
peaks is not less than 1 (i.e., the number of peaks is 2
or more), the contrast adjusting section 118 excludes
from the brightness histogram those of the peaks that
are less than a threshold value computed based on a
maximum brightness value of the TEM image, and ad-
justs the contrast of the TEM image. At this time, the
contrast adjusting section 118 calculates the threshold
value by multiplying the maximum brightness value of
the TEM image by a given coefficient. This threshold val-
ue is used to exclude peaks arising from structures and
morphologies other than the object under observation
from the brightness histogram. One example of such
structures and morphologies is a sample holding member
such as a sample holding grid for holding a sample.
[0037] In transmission electron microscopy, when an
observation is made while holding a sample (an object
of interest under observation) on a sample holding grid,
the sample is thinned into a ultrathin film and transmits
the electron beam. On the other hand, the sample holding
grid that holds a sample hardly transmits the electron
beam. Therefore, if these are contained in the field of
view, two independent peaks appear in the brightness
histogram of the TEM image. At this time, the ratio
(P2/P1) of the brightness value P2 of the peak arising
from the sample holding grid to the brightness value P1
of the peak arising from the sample is substantially con-
stant irrespective of the conditions of the sample (such
as thickness and constituent elements) or the observa-
tional conditions (such as the dose of the electron beam
current hitting the sample) because the transmissivity of
the sample holding grid relative to the electron beam is
less than 1% and much smaller than that (more than 99%)
of the sample relative to the electron beam. In this way,
the ratio P2/P1 is nearly constant and so a threshold val-
ue used to separate peaks arising from the sample from
peaks arising from the sample holding grid can be com-
puted irrespective of the conditions of the sample or the
observational conditions by multiplying the maximum
brightness value of the TEM image by a given coefficient.
That is, the given coefficient can be set based on the
ratio P2/P1.
[0038] When the contrast of the TEM image is adjusted
based on the brightness histogram from which sub-
threshold peaks have been excluded, for example, the
contrast adjusting section 118 reads values (frequency
values) off the vertical axis toward both directions of the
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horizontal axis of the brightness histogram from the po-
sition of the peak not excluded from the histogram (i.e.,
the peak arising from the object under observation) and
takes the positions of values on the vertical axis at which
a certain threshold value is no longer reached as a min-
imum brightness value of the peak arising from the object
under observation and as a maximum brightness value
of peak, respectively. The threshold value is a preset
arbitrary value. The contrast of the TEM image is adjusted
while relating the minimum brightness value of the peak
arising from the object under observation and the maxi-
mum brightness value of peak to a minimum brightness
value and a maximum brightness value, respectively, on
the display device 122.
[0039] In this way, values are read off from the peak
position toward both directions of the horizontal axis of
the brightness histogram. The positions of values on the
vertical axis at which a certain threshold value is no longer
reached are taken as a minimum brightness value of peak
and as a maximum brightness value of peak, respective-
ly. Therefore, if plural peaks originating from the object
under observation overlap, for example, a whole wave-
form consisting of these peaks can be contained between
the minimum and maximum brightness values of peak.
Consequently, if plural peaks overlap, the contrast of the
TEM image can be adjusted appropriately.
[0040] On the other hand, if the number of peaks is 1
or less, i.e., 1 or 0, the contrast adjusting section 118
relates the minimum and maximum brightness values of
the brightness values of the brightness histogram exclud-
ing values of zero frequency to the minimum and maxi-
mum brightness values, respectively, on the display de-
vice 122 and adjusts the contrast of the TEM image.
[0041] The display controller 119 provides control such
that the TEM image whose contrast has been adjusted
by the contrast adjusting section 118 is displayed on the
display device 122.

2. Image Processing Method

[0042] An image processing method implemented in
the image processor associated with the present embod-
iment is next described. FIG. 2 is a flowchart illustrating
one example of image processing performed in the image
processor 100 associated with the present embodiment.
[0043] First, the image acquisition section 112 obtains
a TEM image captured by the electron microscope body
10 (step S102).
[0044] Then, the histogram generating section 114
generates a brightness histogram (step S104).
[0045] The binning processing section 116 then deter-
mines a binning coefficient from the maximum brightness
value of the TEM image. The contrast adjusting section
118 computes a threshold value from the maximum
brightness value of the TEM image, the threshold value
being used to exclude peaks arising from structures and
morphologies other than the object under observation
(step S106).

[0046] The binning processing section 116 then per-
forms a binning process on the basis of the maximum
brightness value of the TEM image (step S108). The bin-
ning processing section 116 performs an operation to
combine any two adjacent bins of the brightness histo-
gram into one bin, and repeats this operation as many
times (corresponding to the binning coefficient) as deter-
mined based on the maximum brightness value of the
TEM image. In consequence, the number of bins (ele-
ments) of the brightness histogram becomes less than a
preset target number of bins.
[0047] The contrast adjusting section 118 then adjusts
the contrast of the TEM image on the basis of the binned
brightness histogram (steps S108-S124).
[0048] First, the contrast adjusting section 118 per-
forms processing to remove noise from the binned bright-
ness histogram (step S110).
[0049] Then, the contrast adjusting section 118 per-
forms processing to identify the positions of peaks
present in the brightness histogram (step S 112).
[0050] The contrast adjusting section 118 then com-
putes the number of the peaks present in the brightness
histogram (step S114). If the decision at step S116 is
negative (NO), indicating that the number of the peaks
is not equal to 1 or less, the contrast adjusting section
118 excludes subthreshold peaks found at step S106
from the brightness histogram (step S118), calculates
minimum and maximum brightness values of the peaks
(step S120), and adjusts the contrast of the TEM image
while relating the calculated minimum and maximum
brightness values of the peaks to the minimum and max-
imum brightness values on the display device 122 (step
S122).
[0051] On the other hand, if the number of the peaks
is 1 or less (i.e., the decision at step S116 is affirmative
(YES)), the contrast adjusting section 118 adjusts the
contrast of the TEM image while matching the minimum
and maximum ones of the brightness values of the bright-
ness histogram excluding brightness values of zero fre-
quency to the minimum and maximum brightness values
on the display device 122 (step S124).
[0052] The display controller 119 then provides control
such that the TEM image whose contrast has been ad-
justed by the contrast adjusting section 118 is displayed
on the display device 122 (step S126).
[0053] Because of the processing sequence described
so far, the TEM image captured by the electron micro-
scope body 10 can be adjusted in terms of contrast and
displayed on the display device 122.
[0054] The image processor 100 has the following fea-
tures. The image processor 100 generates a brightness
histogram representing a distribution of the brightness
values of pixels from the TEM image that the histogram
generating section 114 has obtained. The binning
processing section 116 bins the brightness histogram on
the basis of the maximum brightness value of the TEM
image. The contrast adjusting section 118 adjusts the
contrast of the TEM image, based on the binned bright-
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ness histogram. In this way, in the image processor 100,
the brightness histogram is binned. Therefore, the con-
trast of the TEM image can be adjusted on the basis of
the brightness histogram having a less number of bins
(elements) as compared with the case where the bright-
ness histogram is not binned. Consequently, the image
processor 100 can perform image processing at higher
speed.
[0055] For example, in the above embodiment, when
the positions of peaks of the brightness histogram are
identified, first-order and second-order differentials of the
histogram are taken. At this time, the histogram is con-
volved. The number of convolution operations can be
reduced because the number of bins (elements) of the
brightness histogram is reduced by performing a binning
process. Hence, the processing can be facilitated.
[0056] In the image processor 100, the binning
processing section 116 performs an operation to com-
bine any adjacent ones of the bins of the brightness his-
togram into one bin, and repeats this operation as many
times as determined based on the maximum brightness
value of the TEM image. The number of bins of the bright-
ness histogram generated by the histogram generating
section 114 is equal to the maximum brightness value of
the TEM image. Therefore, the number of the bins of the
brightness histogram can be brought equal to a desired
number by repeating the operation of combining any ad-
jacent ones of the brightness histogram into one bin as
many times as determined based on the maximum bright-
ness value of the TEM image.
[0057] In the image processor 100, the contrast adjust-
ing section 118 performs the operation consisting of find-
ing the number of peaks present in the binned brightness
histogram and the operation consisting of excluding
peaks less than the threshold value calculated based on
the maximum brightness value of the TEM image from
the binned brightness histogram, if the number of peaks
present in the brightness histogram is two or more, and
adjusting the contrast of the TEM image. Therefore, if
the object under observation and structures and mor-
phologies other than the object under observation enter
the field of view, the object under observation can be
prevented from being displayed with low contrast. Thus,
the object under observation can be displayed with ap-
propriate contrast.
[0058] In the image processor 100, the contrast adjust-
ing section 118 calculates a threshold value for removing
peaks arising from structures and morphologies other
than the object under observation from the brightness
histogram by multiplying the maximum brightness value
of the TEM image by a given coefficient. As described
previously, in a brightness histogram of a TEM image,
the ratio (P2/P1) of the brightness value P2 of a peak
arising from the sample holding grid to the brightness
value P1 of a peak arising from an object under obser-
vation is substantially constant irrespective of the condi-
tions of the sample or observational conditions. There-
fore, the threshold value can be computed easily by mul-

tiplying the maximum brightness value of the TEM image
by a given coefficient so as to determine the threshold
value. Using the threshold value, peaks originating from
structures and morphologies other than the object under
observation can be certainly removed from the bright-
ness histogram.
[0059] Since the electron microscope 1000 includes
the image processor 100, the processing for adjusting
the contrast of the TEM image can be performed at high
speed. Therefore, when a field of view adapted to be
captured is searched for, for example, the electron mi-
croscope 1000 can adjust the contrast of a series of im-
ages obtained in succession during observation. As a
consequence, TEM images whose contrast has been ad-
justed can be displayed on the display device 122 in real
time.
[0060] The image processing method associated with
the present embodiment comprises the steps of: obtain-
ing a TEM image; generating a brightness histogram rep-
resentative of a distribution of brightness values of pixels
from the obtained TEM image; binning the brightness
histogram on the basis of a maximum one of the bright-
ness values of the TEM image; and adjusting the contrast
of the TEM image on the basis of the binned brightness
histogram. In this way, in the image processing method
associated with the present embodiment, the brightness
histogram is binned. Therefore, the contrast of the TEM
image can be adjusted on the basis of the brightness
histogram having a less number of bins (elements) as
compared with the case where the brightness histogram
is not binned. Consequently, image processing can be
performed at higher speed.
[0061] In the image processing method associated
with the present embodiment, the contrast adjusting step
involves the steps of: finding the number of peaks present
in the brightness histogram; excluding from the bright-
ness histogram peaks less than a threshold value calcu-
lated based on a maximum brightness value of the TEM
image provided that the number of the peaks is 2 or more;
and adjusting the contrast of the TEM image. Therefore,
if the object under observation and structures and mor-
phologies other than the object under observation all en-
ter the field of view, the object under observation can be
prevented from being displayed with low contrast. Con-
sequently, the object under observation can be displayed
with appropriate contrast.

3. Experimental Example

[0062] An experimental example is given below, and
the present invention is described in further detail. Note
that the present invention is in no way restricted by the
following experimental example.
[0063] In a first case, minimum and maximum bright-
ness values of a brightness histogram (i.e., minimum and
maximum brightness values of a TEM image) were re-
lated to minimum and maximum brightness values on
the display device, and the contrast was adjusted. In a

13 14 



EP 3 091 505 A1

9

5

10

15

20

25

30

35

40

45

50

55

second case, minimum and maximum brightness values
of a peak arising from an object of interest under obser-
vation were related to the minimum and maximum bright-
ness values of the display device, and contrast was ad-
justed. These two cases were compared.
[0064] FIG. 3A is a TEM image having a field of view
containing only the object of interest under observation.
In the TEM image of FIG. 3A, the contrast was adjusted
while relating the minimum and maximum brightness val-
ues of the brightness histogram to the minimum and max-
imum brightness values on the display device. FIG. 3B
is a brightness histogram of the TEM image shown in
FIG. 3A. The region of the brightness histogram of FIG.
3B that is between the broken lines corresponds to the
contrast of the TEM image shown in FIG. 3A.
[0065] In the TEM image shown in FIG. 3A, a grid-like
pattern and many black points indicating the object of
interest under observation are clearly discernible.
[0066] As shown in FIG. 3B, in the brightness histo-
gram, there is one peak near a brightness value of 2,250
counts. This peak arises from the object of interest under
observation. Where one peak originating from the object
of interest under observation exists in the brightness his-
togram in this way, the minimum and maximum bright-
ness values of the histogram correspond to the minimum
and maximum brightness values, respectively, of the
peak arising from the object of interest under observation.
Therefore, as shown in FIG. 3A, the object of interest
under observation can be clearly confirmed by adjusting
the contrast while relating the minimum and maximum
brightness values of the brightness histogram to the min-
imum and maximum brightness values on the display
device.
[0067] FIG. 4A is a TEM image having a field of view
containing the object of interest under observation and
a structure (sample holding grid) other than the object of
interest. The TEM image of FIG. 4A has been taken by
moving the field of view of the TEM image of FIG. 3A. In
the TEM image shown in FIG. 4A, the contrast has been
adjusted while relating the minimum and maximum
brightness values of the brightness histogram to the min-
imum and maximum brightness values of the display de-
vice in the same way as for the TEM image of FIG. 3A.
FIG. 4B shows a brightness histogram of the TEM image
of FIG. 4A. The area between the broken lines of the
brightness histogram of FIG. 4B corresponds to the con-
trast of the display device (i.e., the contrast of the TEM
image of FIG. 4A).
[0068] In the TEM image of FIG. 4A, the object of in-
terest under observation is displayed with lower contrast
than in the TEM image of FIG. 3A and, therefore, the
grid-like pattern and many black points that are clearly
discernible in the TEM image of FIG. 3A cannot be easily
noticed, for the following reason. The brightness histo-
gram shown in FIG. 4B contains both a peak having a
brightness value close to 100 counts and arising from
the sample holding grid and a peak having a brightness
value close to 2,250 counts and arising from the object

of interest under observation. In this case, it follows that
the minimum brightness value of the brightness histo-
gram corresponds to the minimum brightness value of
the peak arising from the sample holding grid and that
the maximum brightness value of the histogram corre-
sponds to the maximum brightness value of the peak
arising from the object of interest under observation.
Therefore, if the contrast is adjusted while relating the
minimum and maximum brightness values of the bright-
ness histogram to the minimum and maximum brightness
values on the display device, the object of interest under
observation will be displayed with low contrast.
[0069] FIG. 5A is a TEM image having the same field
of view as that of the TEM image of FIG. 4A. In the TEM
image of FIG. 5A, the contrast has been adjusted while
relating the minimum and maximum brightness values
of the peak arising from the object of interest under ob-
servation to the minimum and maximum brightness val-
ues on the display device. FIG. 5B shows a brightness
histogram of the TEM image of FIG. 5A. The region be-
tween the broken lines of the brightness histogram shown
in FIG. 5B corresponds to the contrast on the display
device (contrast of the TEM image of FIG. 5A).
[0070] In the TEM image shown in FIG. 5A, the contrast
has been adjusted while taking notice of only the peak
arising from the object of interest under observation and
located at a position close to 2,250 counts after excluding
peaks at peak positions less than 500 counts. That is,
the contrast has been adjusted while relating the mini-
mum and maximum brightness values originating from
the object of interest under observation to the minimum
and maximum brightness values on the display device.
As a result, as shown in FIG. 5A, a grid-like pattern and
many black points can be clearly noticed in the same way
as for the TEM image shown in FIG. 3A.
[0071] When the contrast of the TEM image shown in
FIG. 5A was adjusted, image processing was performed
by the image processing method associated with the
present embodiment. The processing time from the in-
stant when the brightness histogram of the TEM image
shown in FIG. 5A was obtained to the instant when the
processing for adjusting the contrast ended was 3 msec,
which can cope amply with high frame rates of CMOS
cameras on the order of 100 fps.
[0072] Similar experiments were conducted on sam-
ples different from the sample which produced the TEM
images of FIGS. 3A-5A.
[0073] FIG. 6A is a TEM image having a field of view
that contains both an object of interest under observation
and a structure (sample holding grid) other than the object
under observation. In the TEM image of FIG. 6A, the
contrast was adjusted while relating the minimum and
maximum brightness values of a brightness histogram
to the minimum and maximum brightness values on the
display device. FIG. 6B is a brightness histogram of the
TEM image of FIG. 6A. The area between the broken
lines of the brightness histogram of FIG. 6B corresponds
to the contrast on the display device (the contrast of the
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TEM image of FIG. 6A).
[0074] In the brightness histogram shown in FIG. 6B,
there exist a peak having a peak position close to 35,000
counts and arising from an object of interest under ob-
servation and a peak having a peak position close to
2,000 counts and arising from the sample holding grid.
In the TEM image of FIG. 6A, the object of interest under
observation is shown with low contrast. Furthermore, in
the TEM image of FIG. 6A, the peak arising from the
object of interest under observation has a peak position
of about 35,000 counts, indicating the presence of an
intense input signal (large brightness value).
[0075] FIG. 7A is a TEM image having the same field
of view as that of the TEM image of FIG. 6A. In the TEM
image of FIG. 7A, the contrast has been adjusted while
relating the minimum and maximum brightness values
of the peak arising from the object of interest under ob-
servation to the minimum and maximum brightness val-
ues on the display device. FIG. 7B is a brightness histo-
gram of the TEM image of FIG. 7A. The area between
the broken lines of the brightness histogram of FIG. 7B
corresponds to the contrast on the display device (con-
trast of the TEM image shown in FIG. 7A).
[0076] In the TEM image shown in FIG. 7A, the contrast
has been adjusted while taking notice of only the peak
arising from the object of interest under observation and
located at a peak position close to 35,000 counts after
excluding peaks having peak positions less than 5,000
counts. That is, the contrast has been adjusted while re-
lating the minimum and maximum brightness values of
the peak arising from the object of interest under obser-
vation to the minimum and maximum brightness values
on the display device. As a result, as shown in FIG. 7A,
the object of interest under observation can be clearly
noticed.
[0077] When the contrast of the TEM image shown in
FIG. 7A was adjusted, image processing was effected
by the image processing method associated with the
present embodiment. A coefficient K for excluding the
peak arising from the sample holding grid was set to 0.2
(K = 0.2).
[0078] In the TEM image shown in FIG. 7A, the maxi-
mum brightness value of the brightness histogram is
40,000. Assuming K = 0.2, the threshold value is 8,000.
Accordingly, the peak arising from the sample holding
grid can be removed from the brightness histogram of
FIG. 7A.
[0079] In the above-described TEM image shown in
FIG. 5A, the maximum brightness value of the brightness
histogram is 25,000. Assuming that K = 0.2, the threshold
value is 500. Therefore, the peak arising from the sample
holding grid can be excluded from the brightness histo-
gram shown in FIG. 5B.
[0080] By setting the coefficient K for presetting the
threshold value in this way, the threshold value for ex-
cluding the peak arising from the sample holding grid can
be set appropriately if the intensity of the input signal (i.e.,
the maximum brightness value of the brightness histo-

gram) is different.
[0081] In the TEM image shown in FIG. 7A, the bright-
ness histogram has a large maximum brightness value
of 40,000. Therefore, an operation for combining any two
adjacent bins of the brightness histogram of FIG. 7B into
one bin was repeated three times, thus binning the his-
togram. As a result, the number of bins (elements) of the
brightness histogram of FIG. 7B could be reduced to
5,000. Thus, the processing speed could be improved.
In particular, the processing time from the instant when
the histogram of the TEM image of FIG. 7A to the end of
the adjustment of the contrast was 5 msec, which can
cope amply with high frame rates of CMOS cameras on
the order of 100 fps.

4. Modification

[0082] A modification of the image processing per-
formed in the image processor associated with the
present embodiment is next described by referring to
FIGS. 1 and 8. The image processor associated with the
present modification is similar in configuration to the im-
age processor 100 shown in FIG. 1 and thus its descrip-
tion and illustration is omitted. FIG. 8 is a flowchart illus-
trating an example of the modification of the image
processing performed in the image processor associated
with the present embodiment. Those steps of the flow-
chart of FIG. 8 which are identical to their respective
counterparts of the flowchart of FIG. 2 are indicated by
the same reference numerals as in FIG. 2 and their de-
scription is omitted.
[0083] In the above embodiment, as illustrated in FIG.
2, after performing the processing sequence of steps
S108-S116, subthreshold peaks found by step S106 are
excluded. Consequently, peaks arising from structures
and morphologies other than the object under observa-
tion are excluded from the brightness histogram (step
S118).
[0084] On the other hand, in the present modification,
as illustrated in FIG. 8, after the step S106 in which the
binning processing section 116 determines a binning co-
efficient and the contrast adjusting section 118 calculates
a threshold value on the basis of the maximum brightness
value of the TEM image, step S200 is performed. In this
step S200, the contrast adjusting section 118 excludes
brightness values less than the calculated threshold val-
ue from the brightness histogram. Image processing im-
plemented by the image processor associated with the
present modification is hereinafter described by referring
to FIGS. 1 and 8.
[0085] First, the image acquisition section 112 obtains
a TEM image captured by the electron microscope body
10 (step S102).
[0086] Then, the histogram generating section 114
generates a brightness histogram (step S104).
[0087] Then, the binning processing section 116 de-
termines a binning coefficient from a maximum bright-
ness value of the TEM image, and the contrast adjusting
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section 118 calculates a threshold value from the maxi-
mum brightness value of the TEM image, the threshold
value being used to exclude peaks arising from structures
and morphologies other than an object under observation
(step S106).
[0088] The contrast adjusting section 118 excludes
brightness values less than the threshold value calculat-
ed in step S106 from the brightness histogram (step
S200). Consequently, the peaks arising from the struc-
tures other than the object of interest under observation
can be removed.
[0089] The binning processing section 116 then bins
the brightness histogram from which the subthreshold
brightness values have been excluded, on the basis of
the maximum brightness value of the TEM image (step
S108).
[0090] The contrast adjusting section 118 then adjusts
the contrast of the TEM image, on the basis of the binned
brightness histogram (steps S108-S126).
[0091] First, the contrast adjusting section 118 per-
forms processing to remove noise from the binned bright-
ness histogram (step S110).
[0092] The contrast adjusting section 118 then per-
forms processing to identify the positions of peaks
present in the brightness histogram (step S 112).
[0093] The contrast adjusting section 118 then calcu-
lates minimum and maximum brightness values of each
identified peak (step S120) and adjusts the contrast of
the TEM image (step S122).
[0094] The display controller 119 then provides control
such that the TEM image whose contrast has been ad-
justed by the contrast adjusting section 118 is displayed
on the display device 122 (step S126).
[0095] Because of the sequence of processing steps
described so far, the TEM image captured by the electron
microscope body 10 can be adjusted in terms of contrast
and displayed on the display device 122.
[0096] In the image processor associated with the
present modification, the contrast adjusting section 118
excludes from the brightness histogram those brightness
values that are less than the threshold value calculated
based on the maximum brightness value of the TEM im-
age and adjusts the contrast of the TEM image on the
basis of the brightness histogram from which the sub-
threshold brightness values have been excluded. There-
fore, if the object under observation and structures and
morphologies other than the object under observation all
enter the field of view, the object under observation can
be prevented from being displayed with low contrast.
Consequently, the object under observation can be dis-
played with appropriate contrast.
[0097] Furthermore, the image processing method as-
sociated with the present modification comprises the
steps of: obtaining a TEM image; generating a brightness
histogram representative of a distribution of brighness
values of pixels from the obtained TEM image; and ex-
cluding from the brightness histogram brightness values
less than a threshold value calculated based on a max-

imum brightness value of the obtained TEM image and
adjusting the contrast of the TEM image on the basis of
the brightness histogram from which the subthreshold
brightness values have been excluded. Therefore, if an
object under observation and structures or morphologies
all enter the field of view, the object under observation
can be prevented from being shown with low contrast.
As a result, the object under observation can be displayed
with appropriate contrast.
[0098] It is to be understood that the present invention
is not restricted to the above embodiments and that var-
ious changes and modifications may be made without
departing from the gist and scope of the present inven-
tion.
[0099] For example, in the above examples of the im-
age processors associated with the above embodiment
and modification, the image subjected to image process-
ing is a TEM image, and the processing is facilitated by
binning a brightness histogram of the TEM image. In the
image processor associated with the present invention,
the image subjected to image processing is not restricted
to TEM images but rather can be various images which
can be adjusted in terms of contrast using brightness
histograms.
[0100] In addition, in the above examples of the image
processors associated with the above embodiment and
modification, the image subjected to image processing
is a TEM image, and if the number of peaks present in
the brightness histogram is two or more, peaks less than
a threshold value calculated based on a maximum bright-
ness value of the TEM image are excluded from the
brightness histogram, and the contrast of the TEM image
is adjusted. In the image processor associated with the
present invention, the image subjected to image process-
ing is not restricted to TEM images but rather any image
containing a structure or morphology other than an object
of interest under observation if the difference in bright-
ness value between the object of interest and the unde-
sired structure is relatively large and, at the same time,
the object of interest and undesired structure both enter
the field of view. Examples of such image include electron
microscope images (such as scanning transmission
electron (STEM) images and scanning electron micro-
scope (SEM) images) and scanning ion microscope
(SIM) images.
[0101] Additionally, in the above embodiments and
modification, the electron microscope is a transmission
electron microscope. The electron microscope associat-
ed with the present invention may be a scanning trans-
mission electron microscope, a scanning electron micro-
scope, or the like. Also, it may be a scanning ion micro-
scope.
[0102] The present invention embraces configurations
substantially identical (e.g., in function and method) with
the configurations described in the embodiments of the
invention. Furthermore, the invention embraces config-
urations described in the embodiments and including por-
tions which have non-essential portions replaced. Fur-
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ther, the invention embraces configurations which are
similar to the configurations described in the embodi-
ments except that well-known techniques have been
added.

Claims

1. An image processor comprising:

an image acquisition section for obtaining an im-
age;
a histogram generating section for generating a
histogram representative of a distribution of
brightness values of pixels of the image from the
image;
a binning processing section for binning the his-
togram on the basis of a maximum one of the
brightness values of the image; and
a contrast adjusting section for adjusting the
contrast of the image on the basis of the binned
histogram.

2. An image processor as set forth in claim 1, wherein
said binning processing section performs an opera-
tion for combining any adjacent ones of bins of said
histogram into one bin and repeats this operation as
many times as determined based on the maximum
brightness value of said image.

3. An image processor as set forth in any one of claims
1 and 2, wherein said contrast adjusting section ad-
justs the contrast of said image by finding the number
of peaks present in said binned histogram and ex-
cluding from the binned histogram those of said
peaks that are less than a threshold value calculated
based on said maximum brightness value of the im-
age provided that the number of the peaks is 2 or
more.

4. An image processor as set forth in claim 3, wherein
said contrast adjusting section calculates said
threshold value by multiplying said maximum bright-
ness value of the image by a given coefficient.

5. An image processor as set forth in any one of claims
1 to 4, wherein said image is a transmission electron
microscope image.

6. An image processor comprising:

an image acquisition section for obtaining an im-
age;
a histogram generating section for generating
from the image a histogram representative of a
distribution of brightness values of pixels of the
image; and
a contrast adjusting section for adjusting the

contrast of the image on the basis of the histo-
gram;

wherein said contrast adjusting section adjusts the
contrast of the image by finding the number of peaks
present in the histogram and excluding from the his-
togram those of the peaks that are less than a thresh-
old value calculated based on a maximum one of the
brightness values of the image provided that the
number of the peaks is 2 or more.

7. An image processor comprising:

an image acquisition section for obtaining an im-
age;
a histogram generating section for generating
from the image a histogram representative of a
distribution of brightness values of pixels of the
image; and
a contrast adjusting section for excluding from
the histogram subthreshold brightness values
less than a threshold value calculated based on
a maximum one of the brightness values of the
image and adjusting the contrast of the image
on the basis of the histogram from which the
subthreshold brightness values have been ex-
cluded.

8. An image processor as set forth in any one of claims
6 and 7, wherein said contrast adjusting section cal-
culates said threshold value by multiplying said max-
imum brightness value of the image by a given co-
efficient.

9. An image processor as set forth in any one of claims
6 to 8, further comprising a binning processing sec-
tion for binning said histogram on the basis of said
maximum brightness value of the image.

10. An image processor as set forth in any one of claims
6 to 9, wherein said image is a transmission electron
microscope image.

11. An electron microscope including an image proces-
sor as set forth in any one of claims 1 to 10.

12. An image processing method, comprising the steps
of:

obtaining an image;
generating from the image a histogram repre-
sentative of a distribution of brightness values
of pixels of the image;
binning the histogram on the basis of a maxi-
mum one of the brightness values of the image;
and
adjusting the contrast of the image on the basis
of the binned histogram.
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13. An image processing method, comprising the steps
of:

obtaining an image;
generating from the image a histogram repre-
sentative of a distribution of brightness values
of pixels of the image; and
adjusting the contrast of the image on the basis
of the histogram;

wherein the step of adjusting the contrast involves
the steps of: finding the number of peaks present in
the histogram; and, if the number of the peaks is 2
or more, excluding from the histogram those of the
peaks that are less than a threshold value calculated
based on a maximum one of the brightness values
of the image, and adjusting the contrast of the image.

14. An image processing method, comprising the steps
of:

obtaining an image;
generating from the obtained image a histogram
representative of a distribution of brightness val-
ues of pixels of the image; and
excluding from the histogram those brightness
values that are less than a threshold value cal-
culated based on a maximum one of the bright-
ness values of the image to thereby produce a
modified histogram and adjusting the contrast
of the image on the basis of the modified histo-
gram.
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